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Abstract – Controlling the shape and structure of metallic colloids is an important topic. 
Here, different morphologies-structures of colloidal gold particles are investigated for 
different process parameters in a pulse-based electron-photon-solution interface 
process. Different tiny-shaped particles of gold are developed for different types of 
nano-energy. Depending on the set ratios of pulse OFF to ON times and pulse polarity, 
packets of nano-energy assemble largely transitional-state atoms of gold monolayer 
assembly in their own shapes. Tiny particles in joined triangular-shape are developed 
under appropriate set ratio of bipolar pulse OFF to ON time. At unipolar pulse, tiny 
particles of a triangular-shape are developed directly. When the ratio of bipolar pulse 
OFF to ON time was at large difference, distorted shapes of the particles developed. 
Geometric anisotropic shapes of particles developed under appropriate ratios of pulse 
OFF to ON times. When the ratio of bipolar pulse OFF to ON time was 3, particles get 
developed in low aspect ratio. But under the fraction of this ratio, particles get 
developed in high aspect ratio. For longer pulse ON time, structures of smooth elements 
get developed in width less than inter-spacing distance and travelling photons along 
interface flat them further. When elongated atoms of tiny particles deformed largely, 
they did not form structures of smooth elements even for the case of travelling photons 
along their interface. Morphology and structure of tiny particles, nanoparticles and 
particles are discussed for different process parameters opening multiple routes of 
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materials’ research and their counterparts. This is the overall attained orientation of 
electrons for their elongated atoms forming colloidal particles of different size and 
shape, which maintains the certain color of solution under sunlight. 
 
Keywords: Pulse polarity; Nano-energy; Morphology and structure; Process 
parameters; Tiny particles and particles; Geometric and distorted particles   
 
1. Introduction 
New strategies of materials synthesis are prerequisite to obtain their performance and 
application, in a precise manner, in the diverified areas. The performance of a material 
on the basis of understanding in atomic structure is highly desirable. To design material 
at nanoscale for getting specific benefits has been the prime objective of scientific 
community. Controlling and understanding the atomic behaviors to design their specific 
layout and investigating the effects of photons on their assembly are the current 
challenges. But, for that, controlling the size and shape of metallic colloids is the key 
and, because of that, they are a hot topic of the scientific research.  
On length scale comparable or smaller to the subwavelength of light, structural 
matter can deliver phenomenal optical properties [1, 2]. For catalytic applications, tiny-
metallic colloids have great potential [3, 4] due to their enhanced performance as 
compared to the large-sized particles [5, 6]. 
 Several reports and articles are available in the literature explaining and discussing 
nanoparticles and particles of a variety of materials synthesized through various means. 
Some of the studies discussed the development mechanisms of tiny particles and large-
sized particles along with their implications on the future technologies [7-17]. A tiny 
cluster behaves like a simple chemical compound and may find important applications 
in diverse areas [7]. Due to specific features of nanocrystals, they provide options to 
assemble into various materials, thus, providing opportunities to explore their better 
characteristics [8]. Ordered configurations of nanoparticles may give different properties 
to particles formed through their agglomeration [9]. The practical goal of nanocrystals is 
their coalescence [10]. Specific structure is meant to design a self-assembly [11]. 
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Development of small devices is the long-term goal of nanoparticle technology [12]. 
Attempts should be directed to assemble the tiny particles/nanoparticles at first stage 
[13]. One of the recent challenges is to organize tiny particles into a specific structure 
[14]. By having successful assembling of tiny particles, atoms and molecules will be 
materials of tomorrow [15]. A controlled assembly among nanoparticles will lead into the 
development of complex shapes [16]. A successful coalescence of nanocrystals will 
provide abundant options to synthesize materials having controlled features [17]. In 
several published studies, special emphasis remained on the size and shape of 
particles. It is challenging to be benefited by characteristics of nanoparticles in various 
catalytic, sensing and optoelectronic devices [18, 19] and specific geometry of particles 
can be a better choice for promising applications in waveguides [20-24]. Upto certain 
number of atoms, tiny particles form hcp structures and chemical properties of gold 
nanoparticles change with size [25, 26]. Geometry and entropy should also be used to 
explain structure and dynamics [27], and besides disordered jammed configuration, 
there are also ordered metrics which characterize the packing order [28].  
 Plasma solution processing technologies having various configurations have been 
employed to synthesize metallic colloids [29-35]. The gold nanoparticles are 
synthesized by employing plasma in contact to solution [35]. The fundamental process 
of developing different tiny-sized particles of gold had been discussed [36]. The process 
of developing carbon tiny grains in the form of thin films was also discussed [37, 38]. 
Gold particles developed in both geometric anisotropic shapes and distorted shapes 
under varying precursor concentration in pulse-based electron-photon-solution interface 
process [39]. In processing different metallic colloids for a same setup, the nature of 
atoms along with their precursor takes the edge to develop different shape tiny-sized 
particles and large-sized particles [40]. Origin of materials chemistry and physics in the 
formation of tiny particles and their extended shapes has been discussed elsewhere 
[41]. A detailed study for developing a triangle-shaped tiny particle was presented 
where converting atoms of one-dimensional arrays in structures smooth elements is 
discussed [42]. Different mechanisms of binding atoms based on electron-dynamics 
were identified where they evolved structures of different dimension and format [43]. 
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Atoms of electron transition do not ionize, they either elongate or deform, whereas, inert 
gas atoms split under the application of photonic current [44]. Revealing the phenomena 
of heat energy and photon energy while considering neutral state silicon atom was 
discussed along with generation of different featured photons [45]. Origin of atoms for 
some elements to be in gas state and for some elements to be in liquid state was 
predicted [46]. It is challenging to maintain atomic behavior of certain-class elements 
where their tiny-sized particles can work either effective or defective for targeted 
nanomedicine application [47]. Kim et al. [48] presented the study of size-controlled gold 
nanoparticles synthesized by photochemical synthesis. The heterogeneous catalytic 
properties of gold nanoparticles were studied elsewhere [49].   
 A preliminary study of developing unprecedented shaped gold colloidal particles in 
pulse-based electron-photon-solution interface process was discussed where how gold 
atoms dissociated from the precursor and their arrival at solution surface are the main 
topics of discussion [50]. However, a deeper understanding of gold atoms while 
developing their tiny-shaped particles and large-sized particles for different regions of 
solution surface established the relation with fundamental forces [51]. Those studies 
give an insight on how it is possible to control atoms belonging to other elements 
suitable for developing different geometric tiny-sized particles and their large-sized 
particles. A pulse-controlled process of few milliseconds directed towards the geometry 
of gold atoms in a triangular-shape, so, particles of unprecedent shapes were 
developed [50, 51]. The focus of the present study is to study the change of pulse 
ON/OFF rate in the range of few microseconds and to see what happens for developing 
tiny-sized particles of gold and their large-sized particles.  
 The present work shows developing tiny particles, nanoparticles and particles of 
different shape for varying the ratio of bipolar pulse OFF to ON time. Different particles 
were also developed under unipolar pulse mode. This study provides opportunities to 
obtain the required properties of particles on demand. Different morphology-structure of 
tiny particles, nanoparticles and particles is appeared to be developed for certain 
combination of force and energy set for the process is discussed here, experimentally. 
The influence of travelling photons on structure of different tiny-sized particles and 
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large-sized particles is also studied. Possibly, this is the first study reporting the 
controlling morphology-structure of tiny-sized particles, nanoparticles and particles while 
employing the pulse-based electron-photon-solution interface process. 
 
2. Experimental details 
Gold (III) chloride trihydrate was purchased from Alfa Aesar and after mixing with DI 
water, different concentrations of solution were prepared. Symmetric-bipolar pulse 
mode of DC power controller (SPIK2000A-20 MELEC GmbH Germany) was utilized to 
generate pulses of different ON/OFF time and polarity. A controlled pulse ON/OFF time 
was set to process solution of each prepared molar concentration. Different 
equal/unequal pulse ON/OFF times were chosen as given in Table 1 and Table 2 along 
with current (in ampere) and voltage (volts). Two different precursor concentrations 
were chosen i.e., 0.20 mM and 0.40 mM to process at different bipolar pulse ON/OFF 
and unipolar pulse ON/OFF times. Total amount of solution prepared in each experiment 
was 100 ml. The set duration of each experiment was 20 minutes.  
 
Table 1: Process parameters when precursor concentration was 0.20 mM  
Parameters Figure 2 
and Figure 
S4 
Figure 3 Figure S1  Figure S2 and 
Figure S5 
Figure S3 
Pulse ON/OFF 
time 
ton = 5 
µsec/ toff = 
30 µsec 
ton = 10 
µsec/ toff = 
30 µsec 
ton/toff = 15 
µsec 
ton = 30 µsec/ 
toff = 5 µsec 
ton = 30 µsec/ 
toff = 15 µsec 
Frequency (kHz) 28.57 25.00 33.33 28.57 22.22 
Voltage (at start) 
measured in 
volts 
80.0 volts 
@ 40 times 
60.0 volts 
@ 40 times 
44.0 volts 
@ 40 times 
28.0 volts 
@ 40 times 
38.0 volts 
@ 40 times 
Voltage (at end) 
measured in 
volts 
80.0 volts 
@ 40 times 
51.0 volts 
@ 40 times 
31.0 volts 
@ 40 times 
21.0 volts 
@ 40 times 
25.5 volts 
@ 40 times 
Current (at start) 
measured in 
amps 
1.00 amp 1.69 amp 1.70 amp 1.71 amp 1.70 amp 
Current (at end) 
measured in 
amps 
1.00 amp 1.70 amp 1.71 amp 1.72 amp 1.71 amp 
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Table 2: Process parameters when precursor concentration was 0.40 mM 
Parameters Figure S7 Figure S8 
& Figure 
4a 
Figure S9  Figure S10 
& Figure 4b 
Figure S11 
Pulse ON/OFF time ton/toff = 5 
µsec 
ton/toff = 15 
µsec 
ton/toff = 30 
µsec 
ton = 15 µsec/ 
toff = 5 µsec 
ton = 5 µsec/ 
toff = 15 µsec 
Frequency (kHz) 100.00  33.33  16.67  50 .00  50 .00  
Voltage (at start) 
measured in volts 
32.0 volts 
@ 40 times 
32.0 volts 
@ 40 
times 
32.0 volts 
@ 40 
times 
28.5 volts 
@ 40 times 
66.3 volts 
@ 40 times 
Voltage (at end) 
measured in volts 
31.8 volts 
@ 40 times 
25.2 volts 
@ 40 
times 
23.2 volts 
@ 40 
times 
23.0 volts 
@ 40 times 
66.3 volts 
@ 40 times 
Current (at start) 
measured in amps 
1.56 amp 1.58 amp 1.58 amp 1.58 amp 1.43 amp 
Current (at end) 
measured in amps 
1.56 amp 1.58 amp 1.58 amp 1.59 amp 1.38 amp 
 Distance between the copper tube, a source of electron-photon mainly and graphite 
rod, a source of energy mainly was set ~ 8 cm where amount of precursor concentration 
for each experiment was 0.20 mM (Figure 1a), whereas, distance between graphite rod 
and copper tube was set ~ 5 cm where the amount of precursor concentration for each 
experiment was 0.40 mM (Figure 1b).  
 
     
Figure 1: Pulse-based electron-photon-solution interface setup (a) distance between graphite rod 
(energy source) and copper tube (electron-photon source): 8 cm and precursor concentration: 0.20 mM, 
and (b) distance between graphite rod and copper tube: 5 cm and precursor concentration: 0.40 mM 
(b) 
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 To study the effect of pulse polarity, different solutions were prepared processing at 
a time duration for 15 minutes where precursor concentration was set 0.30 mM, in each 
experiment. Approximate recorded values of voltage and current were 28 V and 1.46 A, 
respectively, whereas, in the case of unipolar pulse polarity (negative and positive pulse 
polarity), approximate voltage and current values were recorded 18 V and 1.46 A, 
respectively. Here, the same setup of pulse-based electron-photon-solution interface 
was employed as for the case of processing precursor concentration 0.20 mM, which is 
in Figure 1 (a). Here, pulse ON/OFF time was set 10 µsec (for unipolar pulse modes 
and a bipolar pulse mode). The other process parameters were kept constant as for the 
case of processing solutions for precursor concentration 0.20 mM.  
 For each set input current and voltage to process the solutions of different precursor 
concentrations, step-up transformer enhanced the running voltage approximately 40 
times. Further detail of the setup is given elsewhere [39].  
 After processing solution of each experiment, a drop was poured on copper grid 
coated by carbon film and samples were placed in Photoplate degasser (JEOL EM-
DSC30) for 24 hours to eliminate moisture. Bright field images of various gold 
nanoparticles and particles were taken by the transmission microscope known as TEM 
while high-resolution images were captured by high-resolution transmission microscope 
known as HR-TEM (JEOL JEM2100F; operated at 200 kV). Structural information was 
captured by selected area photon reflection (SAPR) known as SAED.  
 
3. Results and discussion 
In the case of processing solutions for precursor concentration 0.20 mM, the different 
images of nanoparticles and particles are shown in Figure 2 (and Figure S4) when ton = 
5 µsec/ toff = 30 µsec, in Figure 3 when ton = 10 µsec/ toff = 30 µsec, in Figure S1 when 
ton/toff = 15 µsec, in Figure S2 (and Figure S5) when ton = 30 µsec/ toff = 5 µsec and in 
Figure S3 when ton = 30 µsec/ toff = 15 µsec. These bipolar pulse ON/OFF times are 
given in Table 2 in the same order. The schematic of processing the solutions for 
precursor concentration 0.20 mM is shown in Figure 1 (a). The colors of these solutions 
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processed for different ratios of bipolar pulse OFF to ON times are shown in Figure S6 
(‘a’ is under the availability of sunlight and ‘b’ is under the non-availability of sunlight). 
 In Figure 2, bright field transmission microscope images (a-h) show different sorts of 
distorted nanoparticles. The smallest size of the nanoparticle is 7.14 nm (tiny-sized 
particle in Figure 2c) and the largest is 60.34 nm (in Figure 2e). Again, in Figure 2, 
different bright field transmission microscope images show distorted nanoparticles 
indicating their development under the packing of those tiny-sized particles other than in 
a triangular-shape. When the bipolar pulse OFF time was for 30 µsec and ON for 5 
µsec, then the arisen dynamics of the process were altered largely, and tiny particles of 
misfit packing were developed. As an evidence, in Figure 2 (c) such nanoparticles (tiny-
sized particles) can be observed; in Figure 2 (f) and Figure 2 (g), geometry of tiny-sized 
particles is more-like in ellipse shape or circle shape. 
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Figure 2: (a-h) bright field transmission microscope images of various distorted nanoparticles and 
particles; pulse ON time 5 µsec and pulse OFF time 30 µsec and precursor concentration 0.20 mM. 
In Figure 3, bright field transmission microscope images (a-j) show nanoparticles of 
different geometric anisotropic shapes. Size of the similar geometric anisotropic shapes 
is different within the same process as triangle-shaped nanoparticles in Figure 3 (i) have 
bigger size as compared to nanoparticle in Figure 3 (j). Similarly, a triangle-shaped 
nanoparticle in Figure 3 (e) is bigger as compared to those shown in Figure 3 (i) and 
Figure 3 (j). Many tiny-sized particles developed in the joined triangular-shape when the 
ratio of pulse OFF to ON time was 3 as the several anisotropic particles developed on 
packing of triangle-shaped tiny particles, in Figure 3. In Figure 3, the packets of nano-
energy under set pulse ON/OFF time bind underneath atoms of monolayer assembly to 
develop tiny-sized particles shape-like an equilateral triangular-shape in a large number.  
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Figure 3: (a-j) bright field transmission microscope images of various geometric anisotropic shaped 
nanoparticles and particles; pulse ON time 10 µsec and pulse OFF time 30 µsec and precursor 
concentration 0.20 mM. 
 Different ratios of bipolar pulse OFF to ON time where precursor concentration was 
set 0.20 mM and 0.40 mM for synthesizing tiny-sized particles, nanoparticles and 
particles of gold are given in Table 1 and Table 2, respectively. Tiny-sized particles, 
nanoparticles and particles shown in their bright-field and high-resolution microscope 
images are identified in Table 1 and Table 2 where the respective parameters of their 
synthesis are also specified. A tiny particle is a tiny-sized particle which is developed on 
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the amalgamation of atoms, first-hand. A tiny particle can or can’t be related to certain 
shape (geometry) depending on the mechanism of amalgamating atoms. When few 
tiny-shaped particles assemble through their structures of smooth elements, they 
develop a nanoparticle of an anisotropic shape. When many tiny-shaped particles 
assemble through their structures of smooth elements, they develop a large-sized 
particle of an anisotropic shape. 
The placing tuned nano-energy over the assembly of gold atoms resulting into the 
development of tiny-sized particles [42]. Under the tuned input power where high 
density of photons having wavelength of current propagated through graphite rod 
transformed into heat energy. By product heat energies dissociate gold atoms from the 
precursor. On the other hand, forcing energy of travelling photons at set pulse ON/OFF 
time entered from the bottom of copper capillary into solution. Those forcing energy 
photons uplift dissociated gold atoms to solution surface under their reaction of 
entrance. Further detail of developing monolayer at solution surface is given elsewhere 
[50]. Uplifted gold atoms for each concentration of gold precursor (and pulse ON/OFF 
time) develop assembly around the light-glow. Elongated atoms of one-dimensional 
arrays of monolayer tiny-shaped particles are treated in different manners by the 
exerting forces in surface-format depending on the occupied regions at solution surface. 
At different regions of solution surface, atoms become elongated at different rates to 
develop structures of smooth elements for their tiny-shaped particles. Details of different 
elongation rates of atoms of one-dimensional arrays of tiny-shaped particles at different 
regions of the solution surface is given in a separate study [51].  
The set ratio of pulse ON/OFF time controls the shape of tiny-sized particles 
followed by their packing to develop particles of large size. In the case of exerting 
mixed-behavior forces for atoms of tiny-sized particle at electron-levels, the packing of 
tiny particle results into the development of a distorted particle as for the case shown in 
Figure 2. In the case of bright field transmission microscope images shown in Figure 2, 
the set ratio of bipolar pulse OFF to ON time was very large (= 6) resulting into the 
development of tiny particles of elliptical (or circular) shape (or in a scalene triangular-
shape), thus, they were packed under exerting mixed-behavior of forces. When the ratio 
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of pulse OFF to ON time is 3, the emerged dynamics of atoms control the tiny-sized 
particles largely in low aspect ratio resulting into the development of low aspect ratio 
particles as well, which are shown in different bright field transmission microscope 
images of Figure 3.  
In Figure S1, different bright field transmission microscope images (a-l) show 
different geometric anisotropic nanoparticles where indicating the same trend of 
morphology as in the case of nanoparticles shown in Figure 3. In various bright field 
transmission microscope images of Figure S2 and Figure S3, the morphological 
features of nanoparticles and particles are appeared to be identical to the ones shown in 
bright field transmission microscope images of Figure 3 and Figure S1. From the 
physical observation of different geometric anisotropic particles shown in Figure 3, 
Figure S1, Figure S2 and Figure S3, apparently no significant difference is evident. 
However, in Figure S2, set pulse ON/OFF time resulted into the development of tiny-
sized particles in joined triangles. Their atoms also deal a greater elongation rate of 
atoms because of setting the longer period of pulse ON time as compared to pulse OFF 
time.  
 A distorted nanoparticle is shown in Figure S4 (a) where the important portions are 
labelled; area under larger rectangular-box shows less elongation of atoms of tiny-sized 
particles; area under smaller rectangular-box shows atoms neither having aligned 
orientation nor compact configuration; area under square-box shows elongation of 
atoms in different orientations (indicated by arrow lines). Magnified high-resolution 
transmission microscope images of regions marked with larger and smaller circles are 
shown in Figure S4 (b) and Figure S4 (c), respectively. In Figure S4 (b), inter-spacing 
distance of structures of smooth elements is ~ 0.099 nm, which is less than the width of 
a structure of smooth element (~ 0.143 nm). However, in Figure S4 (c), magnified high-
resolution transmission microscope image indicates non-compact configuration of 
atoms along with their deformation under the non-orientational stretching of energy 
knots clamping their electrons. Obviously, their tiny-sized particles packed in the last 
stage of developing that particle. When the pulse ON time is very long as compared to 
pulse OFF time, the atoms of tiny-sized particle get more elongated where stretching of 
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energy knots clamped electrons is greater as well.  
 Figure S5 (a) shows half part of the pentagon-shaped nanoparticle which is divided 
into three important regions. Region covered under the square-box is shown in Figure 
S5 (b) where magnified image of structures of smooth elements indicates increased 
inter-spacing distance (~ 0.143 nm) and width of each structure of smooth element is 
only ~ 0.097 nm. These widths have values that are different to what is observed in 
Figure S4 (b) indicating greater elongation rate of atoms of their tiny-sized particles. In 
Figure S5 (a), the area of pentagon-shaped nanoparticle marked by bigger sized 
rectangular-box indicates that elongated atoms of tiny-sized particles didn’t modify their 
structures to structures of smooth elements. This is because, atoms undertook 
extended-level stretching of energy knots clamped electrons where their behavior for 
aligning into structures of smooth elements under travelling photons of appreciable 
forcing energy was not exhibited. As in the case of Figure S4 (b), atoms of tiny-shaped 
particles elongated less and travelling photons modified the structure having width of 
inter-spacing distance of structures of smooth elements only 0.099 nm, which is less 
than the width of a structure of smooth element (0.143 nm). However, in Figure S5 (b), 
the elongation of atoms of packed tiny-sized particle was more, so inter-spacing 
distance of structures of smooth elements (0.143 nm) is greater than the width of a 
structure of smooth element (0.097 nm). Less or more elongation of atoms of tiny-sized 
particles is mainly related to the set ratio of pulse OFF to ON time. 
Depending on the rate of elongation of atoms of one-dimensional arrays, stretching 
rate of energy knots clamping of electrons in atoms vary. So, in developing their 
structure of smooth element, atoms of converting one-dimensional array undertake 
adjacent-orientation at a different rate as well. This results into the variation of the width 
of a structure of smooth element and their inter-spacing distance as well. Under a very 
long period of pulse ON time, elongated atoms formed structures of smooth elements 
(of tiny-shaped particles), which were further elongated while passing from the region of 
electron-solution interface. Their arrival to assemble at centre of light-glow while 
passing electron-solution interface is because of immersing forces [51]. On packing 
such tiny-shaped particles at photon-solution interface, travelling photons along 
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interface do not modify them to structure of flatten smooth elements as discernible in 
the large portion covered under rectangular-box of Figure S5 (a). The packing of tiny-
shaped particles having such elongated atoms of one-dimensional arrays resulting into 
the distortion and deformation of the structure of a developing particle. This was 
because of the excessively plastically-driven energy knots clamped electrons of their 
elongated atoms. The perturbed states of electrons in largely deformed atoms do not 
get align to form their flat structure of smooth element even for the case of travelling 
adequate forcing energy photons along the interface. Thus, such structures reveal their 
blurred images under the high-resolution microscopic analysis instead of flat structures 
of smooth elements. However, it can be observed in the small-sized rectangular-box in 
Figure S5 (a) where some of the atoms elongated and formed (converted/modified) into 
structures of smooth elements.  
 Under varying ratios of pulse OFF to ON time, the colors of resulted solutions are 
different as shown in Figure S6 indicating the different morphological and structural 
features of nanoparticles and particles. Quite a large difference in the colors of solutions 
were observed which were processed at pulse ON time 5 µsec and pulse OFF time 30 
µsec, and pulse ON time 30 µsec and pulse OFF time 5 µsec; it is related to a large 
variation in the morphology and structure of particles. At equal pulse ON/OFF time or 
less difference in pulse ON and OFF time, the difference in the color of resulted 
solutions is not so pronounced as in Figure S6 (both under sunlight and in the absence 
of sunlight). While placing those processed solutions in front of glass window, their 
colors varied significantly under sunlight and in the absence of sunlight as shown in 
Figure S6 (a) and Figure S6 (b), respectively. The difference in the color of a solution is 
through the overall modes of incident light dealing the colloids processed under certain 
pulse ON/OFF time. More than one factor involves in transforming of absorbed light into 
colorful light. In Figure S6 (a), it is observable from the different colors of processed 
gold solutions under different pulse ON/OFF times where the fixed concentration of gold 
precursor was utilized in each experiment. In the shadow where sunlight doesn’t involve 
directly, the colors of those solutions changed as shown in Figure S6 (b). So, it appears 
that there are several factors which are involved in determining the emergence of 
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certain color of the processed solution. Some of the detail about emergence of color can 
be referred in the study given elsewhere [39]. To study color of different processed gold 
solutions and others, it is required to consider size and shape of nanoparticles and 
particles and inter-state electron gaps of elongated atoms forming their structures of 
smooth elements. The consideration of total number of developed particles in the 
solution is also important as they absorb the sunlight and transform it into a colorful 
light. In this context, colloidal solutions can be the important topic to study the 
emergence of different colors under absorption of the sunlight. 
 When the precursor concentration was chosen 0.40 mM, the different images of 
nanoparticles and particles are shown in Figure S7 when ton/toff = 5 µsec, in Figure S8 
(and Figure 4a) when ton/toff = 15 µsec, in Figure S9 when ton/toff = 30 µsec, in Figure 
S10 (and Figure 4b) when ton = 15 µsec/ toff = 5 µsec and in Figure S11 when ton = 5 
µsec/ toff = 15 µsec. These bipolar pulse ON/OFF times are given in Table 2 in the same 
order. The schematic of processing the solutions for precursor concentration 0.40 mM is 
shown in Figure 1 (b). For precursor concentration 0.40 mM, mainly the average size of 
tiny-shaped particles increased resulting into the increase of the size of particles. The 
colors of these solutions processed for different ratios of bipolar pulse OFF to ON times 
are not shown. 
 Bright field transmission microscope images (a-f) of different particles at pulse 
ON/OFF time 5 µsec are shown in Figure S7. Several geometric anisotropic shaped 
nanoparticles and particles are shown in bright field transmission microscope images (a-
h) of Figure S8 along with some distorted nanoparticles and particles, which were 
developed at pulse ON/OFF time 15 µsec. Some of the nanoparticles’ shapes were very 
small and developed at later stage of the process as total process duration was 20 
minutes (in bright field transmission microscope images (d-h) of Figure S8). A range of 
nanoparticles and particles chosen from the solution was processed at pulse ON/OFF 
time 30 µsec and their bright field transmission microscope images (‘a’ to ‘p’) are shown 
in Figure S9. The particles indicate the same trend as discussed above (and in many 
ways like those discussed in the case of precursor concentration 0.20 mM). A tiny 
sphere-shaped particle in Figure S9 (d) indicates that it didn’t get packed, timely, due to 
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geometrical limitation. In Figure S9 (i), Figure S9 (j) and Figure S9 (o), very small 
triangle-shaped nanoparticles are observed, which were developed on the packing of 
smaller-sized equilateral triangle-shaped tiny particles. 
An equilateral triangle-shaped tiny particle is shown in Figure 4 (a) where lengths of 
sides are almost equal. Magnified image of the marked region (pointed by rectangular-
box) is shown at right-side in Figure 4 (a). In the magnified high-resolution image on the 
right-side portion to ‘dotted line’ in Figure 4 (a), the region related to structure of smooth 
elements appears to be blurred. However, in the magnified high-resolution image on the 
left-side to ‘dotted line’ in Figure 4 (a), equal width of each smooth element (~ 0.098 nm) 
and equal width of their inter-spacing distance (~ 0.139 nm) are discernible. Such 
structural behaviours indicate atoms of one-dimensional arrays (of tiny-shaped 
particles) elongated further under the impingement of electron streams at fixed angle 
while crossing the electron-solution interface where they dealt force in the immersing-
format. An electron when is forced under certain length photon (overt-photon) to strike a 
certain ground state atom, it results into the distortion at the point of connection [45]. So, 
a longer period of staying of tiny-shaped particles at solution surface increased the 
elongation rate of their atoms as they not only elongate due to exerting force in surface-
format but also under the impinging electron streams (and under the process of 
synergy). At left-side in Figure 4 (b), a pentagon-shaped nanoparticle is shown, and 
magnified image taken from the marked region (pointed by rectangular-box) is shown at 
right-side where width of structure of smooth element is measured ~ 0.120 nm, which is 
equal to the inter-spacing distance of structure of smooth elements. However, while 
setting the same bipolar pulse ON time (15 µsec) as in the case of triangle-shaped 
nanoparticle shown in Figure 4 (a), the developed structures of smooth elements in 
pentagon-shaped nanoparticle shown in Figure 4 (b) are slightly different in width, which 
can be related to a different pulse OFF time; under bipolar pulse mode packing of five 
triangle-shaped tiny particles at a common center and, on assembling their developed 
structures of smooth elements, it resulted into the development of a pentagon-shaped 
nanoparticle. 
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Figure 4: (a) high-resolution transmission microscope image of a triangle-shaped tiny particle is shown 
at left-side while magnified image taken from the marked region is shown at right-side (bipolar pulse 
ON/OFF time was 15 µsec) and (b) high-resolution transmission microscope image of pentagon-shaped 
nanoparticle is shown at left-side while magnified image taken from the marked region is shown at right-
side (bipolar pulse ON time 15 µsec & OFF time 5 µsec); precursor concentration is 0.40 mM 
When the ratio of pulse OFF to ON time was large, particles were developed in 
lower aspect ratio (various bright field transmission microscope images (a-p) in Figure 
S11) and the trend of morphology was different to that which was observed for smaller 
ratio pulse OFF to ON time as shown in different bright field transmission microscope 
images (a-g) of Figure S10. In Figure S11, due to longer pulse OFF time to pulse ON 
time, the size of nano-energy became shorter and packing of tiny-sized particles 
resulted into lower aspect ratio shapes as compared to the ones shown in Figure S10. 
In Figure S10 (G), the distance between two intensity spots is approx. 0.24 nm and the 
same distance is measured in the case of SAPR pattern shown in Figure S11 (A). 
However, more distance between printed intensity spots is measured in the structure of 
one-dimensional particle as shown in Figure S11 (B). This is related to their different 
development history for which further detail is given in a separate study [51]. 
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Figure 5: Plot of ratio of bipolar pulse OFF to ON time versus different aspect ratios of gold particles 
  Figure 5 shows the generalized trend of developing particles of various aspect ratio 
depending on the set bipolar pulse OFF to ON time; when the ratio of pulse OFF to ON 
time is moderate, many low aspect ratio particles are developed; when the ratio of pulse 
OFF to ON time is unity, many average aspect ratio particles are developed; when the 
ratio of pulse OFF to ON time is very small (or unity under large pulse ON/OFF time), 
many high aspect ratio particles are developed. The increase in the length of arrow in 
Figure 5 on increasing the pulse ON time (at fixed pulse OFF time) indicates the 
increase in the aspect ratio of geometric anisotropic particles as well. These developing 
geometric anisotropic particles indicate that their tiny-shaped particles developed under 
the packets of nano-energy where they considered certain behavior of the force for their 
development in certain size and shape. Figure 5 also shows distorted particles under 
very large ratio of bipolar pulse OFF to ON time; tiny particles developed in elliptical (or 
in circular) shapes or in misfit triangular-shapes under the application of small-sized 
packets of nano-energy when very small pulse ON time was selected as compared to 
pulse OFF time (indicated by red arrow). Again, the developing process of distorted 
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particles can involve both tiny-shaped particles and irregular tiny particles where mixed-
behaviours of exerting forces are exercised.  
   
Figure 6: Flow chart highlighting major phenomena and behaviors involved in the development of 
various nanoparticles and particles; high, average and low aspect ratios geometric anisotropic particles 
and distorted particles 
 A flow chart of the whole process of developing nanoparticles and particles is 
illustrated in Figure 6. On increasing the pulse ON time as compared to pulse OFF time 
(and when the ratio of pulse OFF to ON time was 1/3 or 1/6), many high aspect ratio 
equilateral triangle-shaped tiny particles were developed where their packing resulted 
into the development of high aspect ratio geometric anisotropic particles also. At equal 
pulse ON time and pulse OFF time, many moderate aspect ratio equilateral triangle-
shaped tiny particles were developed, and their packing resulted into the development 
of moderate aspect ratio geometric anisotropic particles too. On decreasing the pulse 
ON time as compared to pulse OFF time and when the ratio of pulse OFF to ON time 
was 3, many tiny-sized particles developed in circle, ellipse and misfit triangular-shape 
tiny particles. Decreasing the pulse ON time as compared to pulse OFF time, many tiny-
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sized particles do not acquire a triangular-shape and they are misfit triangle-shaped tiny 
particles where their packing also results into the development of distorted particles.  
Mainly, at short pulse ON time (5 µsec or 10 µsec) as compared to pulse OFF time 
(15 µsec or 30 µsec), in addition to the slightly misfit triangle-shaped tiny particles, their 
perturbed common center each time resulted into slightly misfit packing and travelling 
photons aside to their surfaces do not flatten their structure to the shape of flat structure 
of smooth elements while developing each mono-layer of a developing particle, which 
resulted into thick, dark and low aspect ratio features of the particle on development. 
Also, when the pulse ON time was mainly 5 µsec and pulse OFF time was mainly 15 
µsec, the rate of packing of slightly misfit triangle-shaped tiny particles became faster as 
compared to the unity ratio of pulse OFF to ON time or smaller than unity ratio of pulse 
OFF to ON time; a greater number of amalgamated atoms to develop monolayer 
assembly at solution surface were already available below smaller sized packets of 
nano-energy. When the pulse ON time was 5 µsec and pulse OFF time was 30 µsec, 
rate of amalgamation of atoms around electron-photon-solution interface further 
enhanced while the size of packets of nano-energy remained the same resulting into 
development of tiny-sized particles having shapes other than an equilateral triangular-
shape. Thus, they pack under mixed-behavior of exerting forces where they remain 
uncertain to acquire a planned assembling of developing particle. Thus, the developed 
particles in this manner are called distorted particles. 
 All geometric anisotropic particles are developed through the packing of tiny-sized 
particles in a triangular-shape but under the different aspect ratio as per the set ratio of 
bipolar pulse OFF to ON time. The partially-distorted or fully-distorted particles are 
developed either under the packing of tiny-sized particles having shapes other than an 
equilateral triangular-shape. In addition to individually attained dynamics of atoms under 
set ratios of pulse OFF to ON time, in certain zones, atoms might experience different 
dynamics under the process of synergy resulting into distorted shape of their tiny-sized 
particles [36]. Thus, exertion of mixed-behavior forces for tiny-sized particles along with 
those exerting the uniform force results into the development of partially- or fully-
distorted nanoparticle or particle. Again, uplift of atoms for suitable amount is not 
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necessary all the time resulting into the development of monolayer assembly of non-
compactness. Such made tiny-sized particles pack for misfit packing where assembling 
of their structures of smooth elements is at disfigured point.  
When the precursor concentration was chosen 0.20 mM and under different bipolar 
pulse ON/OFF time (given in Table 1 and for the setup shown in Figure 1a), the shape 
of developing large-sized particles is altered a bit as compared to when precursor 
concentration was chosen 0.40 mM (given in Table 2 and for the setup shown in Figure 
1b), which may be associated to a different distance between the electron-photon 
source (copper capillary) and photon source (graphite rod). 
 The same morphological features of nanoparticles and particles are shown by the 
bright field transmission microscope images where the solution of 0.30 mM precursor 
concentration was processed for the experiments under the unipolar pulse modes, 
which are known in negative unipolar pulse mode and positive unipolar pulse mode as 
shown in Figure S12 and Figure S13, respectively. The same concentration of precursor 
was processed by only changing the pulse polarity where bipolar pulse ON/OFF time 
was also 10 µsec. Different bright field images of particles shown in Figure S14 show 
the same morphological features as in the case of negative and positive pulse polarity. 
At tuned bipolar pulse OFF to ON time, the assembly of compact monolayer at 
solution surface gets converted into tiny-sized particles shape-like joined triangles as 
shown in Figure S15. Such tiny-shaped particles developed under the packets of nano-
energy resulted under the appropriate ratio of bipolar pulse OFF to ON time. At first 
stage, the associated force-energy controlling the emerged dynamics of atoms 
scheming them in compact monolayer assembly at solution surface. At second stage, 
the placing of double-packets of nano-energy over the assembly of gold atoms convert 
(isolate) them in the shape of block having joined two tiny-sized particles as per set 
pulse ON/OFF time. The shape of each packet of nano-energy is like the shape of 
joined triangles, thus, when it placed over the monolayer assembly of certain transition 
state gold atoms resting at flat-solution surface, they started to isolate from the 
monolayer assembly in the shape of packet, which is a block of joined tiny-sized 
particles. Figure S15 (a) shows the tiny-sized particles developed in different geometric 
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shapes depending on the ratio of bipolar pulse OFF to ON time; when the ratio was very 
large, a large number of tiny-sized particles were developed in elliptical, circular or non-
regular triangular-shape (a1); when this ratio was smaller (but greater than unity), many 
tiny-sized particles were developed in the shape of joined triangles having low aspect 
ratio (a2); when this ratio was unity, many tiny-sized particles were developed in the 
shape of joined triangles having moderate aspect ratio (a3). At smaller value than the 
unity ratio (when pulse ON time was larger than pulse OFF time), many tiny-sized 
particles were developed in the shape of joined triangles having very high aspect ratio 
as shown in Figure S15 (a4).  
Tiny-sized particles of a triangular-shape were also developed under unipolar pulse 
mode where unity ratio of pulse OFF to ON time was chosen as shown in Figure S15 
(b), however, the amount of precursor concentration in those experiments was 0.30 mM 
(instead of 0.20 mM or 0.40 mM), whereas, the processing time of each quantity of 
solution was 15 minutes; in unipolar pulse polarity when it is termed negative, the 
equilateral triangle-shaped tiny particles were developed directly as shown in Figure 
S15 (b1). Again, under unipolar pulse polarity when it is termed positive, the similar 
shaped tiny-sized particles were developed directly as shown in Figure S15 (b2). Under 
the same conditions of the process as in the case of unipolar pulse polarity when bipolar 
pulse polarity for unity ratio of pulse OFF to ON time was chosen, tiny-sized particles 
were again developed in an equilateral triangular-shape as shown in Figure S15 (b3), 
but each tiny-sized particle is in the shape of joined triangles. In the case of certain ratio 
of bipolar pulse OFF to ON time where tiny-sized particles get developed in joined 
triangles, they separated into two while exerting forces along the opposite axis [42].  
Tiny-sized particles which were developed in the shape of joined ellipses, circles or 
non-regular triangles, are packed under the exertion of non-uniform forces where 
mixed-behavior of the forces resulted into the development of their distorted particles. 
Further detail of developing mechanism of distorted particles was discussed in a 
separate study [39]. When the tiny-sized particles were developed in low aspect ratio, 
their packing also resulted into the development of particles of low aspect ratio. When 
the tiny-sized particles were developed in moderate aspect ratio, their packing also 
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resulted into the development of particles of moderate aspect ratio. When the tiny-sized 
particles were developed in high aspect ratio, their packing also resulted into the 
development of particles of high aspect ratio. 
A triangle-shaped tiny particle of monolayer assembly possesses three-dimensional 
structure of surface-format prior to elongate but, on elongation of atoms of its each one-
dimensional array, which is under exertion of force in surface-format, they get 
developed into a structure of smooth elements [42]. As shown in Figure S16, three 
triangle-shaped tiny particles positioned at ~ 120°, ~ 240° and ~ 360° angles at solution 
surface. On elongation of atoms of tiny-shaped particles at electronically flat surface, 
they deal the immersing force where their structures of smooth elements assemble at 
the point of common centre (light-glow) [51]. The consecutive packing of similar 
featured tiny-shaped particles for each mono-layer of a developing triangle-shaped 
particle resulting into the development of high aspect ratio triangle-shaped particle as 
shown in Figure S16. At top right corner in Figure S16, only light-glow is shown where 
the central region of glow deals entering of very high forcing energy travelling photons 
to solution where, against the reaction of their force, atoms get uplifted to solution 
surface [50]. Different geometric anisotropic particles get developed one at a time in the 
same manner as in Figure S16 except that the packing of tiny particles is from different 
zones along with their number of simultaneous packing to nucleate the first mono-layer 
of a developing certain shape particle.  
 Varying the ratio of pulse OFF to ON time provides option for not only altering the 
morphology and structure of tiny-sized particles but also of their large-sized particles. In 
this context, the morphology and structure of metallic colloids brings huge 
consequences not only in the on-going research efforts but also in practical 
demonstrations at the forefronts of photonics, ultra-high-speed applications, catalytic 
and many others. More specifically, high aspect ratio geometrical shapes can be 
expected to become a strong candidate for photonics applications, ultra- and high-
speed devices, whereas, the low aspect ratio and distorted shapes can be expected to 
become a strong candidate for different sorts of catalytic activities. The particles of 
anisotropic shapes are expected to perform as per their geometry. Clearly, the study 
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enlightens us to find size and shape of tiny particles at first stage following by size and 
shape of their large-sized particles and then the effects of travelling photons on their 
structures. Present strategies explore multi-dimension routes to cope with ever-
increasing demands of emerging and applied materials in any shape and size along 
with their aspect ratio, which not only shed light on the materials science, physics, and 
nanoscience, but also develop new knowledge in the diversified areas. 
 
4. Conclusions 
Morphology-structure of different-sized gold particles are subjected to the regulated 
force-energy behaviors at two stages where they are influenced greatly by few 
microseconds set pulse ON/OFF time. Set ratio of pulse ON/OFF time controls the 
dynamics of atoms to develop tiny-sized particles of different shape followed by large-
sized particles of different features. So, in pulse-based electron-photon-solution 
interface process, emerged dynamics of atoms with respect to medium counterparts 
regulate the shape (geometry) of their tiny-sized particle, hence, their large-sized 
particle. This is different for the case of different set pulse ON/OFF time, polarity and 
setting gap between electron-photon source and energy source in the pulse-based 
electron-photon-solution interface process.  
 Under unity ratio of bipolar pulse OFF to ON time (or when this ratio is smaller than 
unity), many tiny-sized particles get developed into the shape of a joined triangular-
shape. When this ratio was larger than unity (= 3), many tiny-sized particles get 
developed in low aspect ratio of a joined triangular-shape. When this ratio was very 
large (= 6), many tiny-sized particles developed in shapes of ellipse, circle or non-
regular triangular-shape.  
 Depending on the pulse ON/OFF time, nanoparticles and particles of different 
anisotropic shape get developed at the centre of light-glow. Particles of high, average 
and low aspect ratio get developed under the packing of high, average and low aspect 
ratio tiny-shaped particles, respectively. Distorted particles get developed on packing of 
elliptical, circular or non-regular triangle-shaped tiny-sized particles. However, when 
nano-energy of set bipolar pulse ON/OFF time is not in a triangular-shape, tiny-sized 
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particles do not develop in a triangular-shape. When the pulse OFF time is three times 
greater than pulse ON time, the particles get developed in anisotropic shapes but 
possess low aspect ratio. At 5 µsec pulse ON time and 30 µsec pulse OFF time, the 
amalgamations of atoms around electron-photon-solution interface do not develop into 
tiny particles of equilateral triangular-shape. When the pulse ON time is 5 µsec and 
pulse OFF time is 15 µsec, the amalgamations of atoms possess order as well as 
disorder to some extents where emerged dynamics of the process develop partially 
misfit tiny-shaped particles and partially fit tiny-shaped particles, thus, their packing 
develops low aspect ratio particles to a large number. 
 Depending on the ratio of pulse OFF to ON time, the rate of stretching energy knots 
clamped electrons vary resulting into varying the width of structure of smooth elements 
along with their inter-spacing distance. At 30 µsec pulse ON time and 5 µsec pulse OFF 
time, inter-spacing distance of structures of smooth elements is greater (~ 0.14 nm) 
than the width of structure of smooth element (~ 0.10 nm) and, under opposite 
conditions, the width of structure of each smooth element also gets reverse. Where 
elongated atoms of tiny-sized particles deformed prior to interact travelling photons of 
high-density along their interface, they do not form structures of smooth elements and 
their surfaces are appeared to be foggy. 
 For unity ratio of unipolar pulse OFF to ON time, the tiny-sized particles develop 
straight-forwardly in a triangular-shape. Under different pulse polarity and both modes of 
unipolar pulse where the set concentration of the precursor was 0.3 mM, synthesized 
gold nanoparticles and particles indicate their identical features of morphology and 
structure. 
 Different colors of solutions while interacting light to different particles are due to 
overall resulted effects of inter-state electron gaps of elongated atoms developed for 
their different structures of smooth elements as per set ratio of pulse OFF to ON time. 
The difference in the color of a solution is through the overall modes of incident light 
dealing the colloids processed under certain pulse ON/OFF time. 
 More featured nanoparticles and particles develop for shorter distance between 
electron-photon source and energy source.  Force-energy and energy of each set pulse 
26 
 
ON/OFF time is the main source of developing particles of different morphology-
structure where their tuning along with precursor concentration and others results into 
the development of particles of high anisotropy. So, controlling morphology-structure of 
developing particles can be tuned as per demand and requirement of the application in 
pulse-based electron-photon-solution interface process. This leads to the establishment 
of the foundation of smart-materials and smart-technologies at all scales where the 
profitable results for their counterparts are guaranteed as well.   
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Figure S1: (a-l) bright field transmission microscope images of various geometric anisotropic shaped 
nanoparticles and particles; pulse ON time 15 µsec and pulse OFF time 15 µsec and precursor 
concentration 0.20 mM. 
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Figure S2: (a-h) bright field transmission microscope images of various geometric anisotropic shaped 
nanoparticles and particles; pulse ON time 30 µsec and pulse OFF time 5 µsec and precursor 
concentration 0.20 mM. 
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Figure S3: (a-j) bright field transmission microscope images of various geometric anisotropic shaped 
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nanoparticles and particles; pulse ON time 30 µsec and pulse OFF time 15 µsec and precursor 
concentration 0.20 mM. 
 
Figure S4: (a) high-resolution transmission microscope image of distorted nanoparticle, magnified 
images of the region covered under (b) large circle in ‘a’ and (c) smaller circle in ‘a’; pulse ON time 5 µsec 
and pulse OFF time 30 µsec and precursor concentration 0.20 mM. 
  
Figure S5: (a) high-resolution transmission microscope image of pentagon-shaped nanoparticle and 
(b) magnified image of the region covered under square in ‘a’; pulse ON time 30 µsec and pulse OFF time 
5 µsec and precursor concentration 0.20 mM. 
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Figure S6: color of processed solutions at different pulse ON/OFF time (a) in the sunlight and (b) in the 
(shadow) absence of sunlight; (left to right) pulse ON time 5 µsec and pulse OFF time 30 µsec, pulse ON 
time 10 µsec and pulse OFF time 30 µsec; pulse ON time 15 µsec and pulse OFF time 15 µsec; pulse 
ON time 30 µsec and pulse OFF time 5 µsec; pulse ON time 30 µsec and pulse OFF time 15 µsec 
(precursor concentration 0.20 mM). 
36 
 
  
Figure S7: (a-f) bright field transmission microscope images of bar-, rod-, pentagon-, hexagon- and 
triangle-shaped particles; pulse ON/OFF time 5 µsec and precursor concentration 0.40 mM. 
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Figure S8: (a-h) bright field transmission microscope images of various nanoparticles and particles; 
pulse ON/OFF time 15 µsec and precursor concentration 0.40 mM. 
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Figure S9: (a-p) bright field transmission microscope images of various nanoparticles and particles; 
pulse ON/OFF time 30 µsec and precursor concentration 0.40 mM. 
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Figure S10: (a-g) bright field transmission microscope images of various nanoparticles and particles 
and (G) SAPR pattern of hexagon-shaped particle; pulse ON time 15 µsec and pulse OFF time 5 µsec, 
and precursor concentration 0.40 mM. 
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Figure S11: (a-p) bright field transmission microscope images of various particles/ (A & B) SAPR 
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patterns of triangle-shaped and rod-shaped particles; pulse ON time 5 µsec and pulse OFF time 15 µsec, 
and precursor concentration 0.40 mM. 
 
Figure S12: (a-h) bright field transmission microscope images of various nanoparticles and particles 
synthesized at precursor concentration 0.30 mM, process duration 15 minutes, pulse ON/OFF time 10 
µsec and negative pulse polarity. 
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Figure S13: (a-h) bright field transmission microscope images of various nanoparticles and particles 
synthesized at precursor concentration 0.30 mM, process duration 15 minutes, pulse ON/OFF time 10 
µsec and positive pulse polarity. 
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Figure S14: (a-h) bright field transmission microscope images of of various nanoparticles and particles 
synthesized at precursor concentration 0.30 mM, process duration 15 minutes, pulse ON/OFF time: 10 
µsec and bipolar pulse polarity. 
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Figure S15: (a) tiny-sized particles of different shape and size developed at varying ratio of bipolar 
pulse OFF to ON time; (a1) pulse OFF time 30 µsec and pulse ON time 5 µsec, (a2) pulse OFF time 15 
µsec and pulse ON time 5 µsec, (a3) pulse ON/OFF time 15 µsec and (a4) pulse OFF time 10 µsec and 
pulse ON time 30 µsec, and (b) tiny particles at different pulse polarity where pulse ON/OFF time is 10 
µsec; (b1) unipolar pulse mode – a negative pulse polarity (b2) unipolar pulse mode – a positive pulse 
polarity and (b3) bipolar pulse 
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Figure S16: Triangle-shaped tiny 
particles show positional order with 
respect to the center of glow at pulse-
solution interface, impinging electron 
streams further elongated atoms of 
tiny-shaped particles at electron-
solution interface resulting them into 
pack at the center of photon-solution 
interface to develop mono-layer of 
developing triangle-shaped particle 
where exerting forces in surface-
format at the centre  becomes 
nullified; zones of pulse-solution 
interface, electron-solution interface 
and photon-solution interface; at top 
right-side, travelling photons of high 
forcing energy enter to solution and a 
bit low forcing energy travelling 
photons travel along the interface (in 
top corner) 
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